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SYNOPSIS 
Dendrimers are monodispersed and highly branched globular macromolecules.  The 
presence of uniform distribution of branching units leads to globular shape of a dendrimer 
(Figure 1).  Synthetic methodologies developed to construct such branched macromolecules are 
the popular divergent or convergent routes. With the presence of a number of uniformly 
distributed peripheral groups and dynamic interior cavities, dendrimers were explored in 
catalysis and as molecular hosts. A review of synthesis, studies of dendritic catalysts and 
molecular host properties of dendrimers are described in Chapter 1.  
Interfacing organometallic catalysis with 
dendrimers was explored in many occasions, in an 
effort to assess the effects of dendritic structural 
features in organometallic catalysis.  Generally 
the catalytic moieties are incorporated at interior 
or at peripheries of the dendritic structures, 
thereby allowing the catalysis to be studied either 
at an interior environment protected by the 
dendritic scaffold or at peripheries presenting 
multiple copies of the catalytic moieties.  Both 
positive and negative effects in dendritic catalysis 
were reported and studied, primarily across the 
dendritic generations. In an effort to identify 
multivalent effects in dendritic organometallic 
catalysis, multivalent dendritic catalysts were synthesized, wherein each dendrimer generation 
was presented with varying number of catalytic moieties (Figure 2). Installation of varying 
number of catalytic moieties was performed at the peripheries of a chosen series of dendrimers, 
namely, poly(alkyl aryl ether) dendrimers. Dendrimer generations 0, 1, 2 and 3, presenting 3, 6, 
12 and 24 peripheral functionalities, respectively, were chosen for the preparation of multivalent 
dendritic organometallic catalysts.  A triphenylphosphine ligand was used, wherein one of the 
phenyl groups was linked at the dendrimer peripheries. Zero generation dendritic catalysts 
providing 1, 2 and 3 catalytic moieties were prepared by O-alkylations of appropriate phosphine 
monomer building blocks, followed by a reduction of phosphine oxides to afford phosphines  and 
Figure 1. General structure and features of 
a dendrimer.            
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their subsequent metal complexations with Rh(I), leading to the formation of dendritic catalysts 
with varying number Rh metal on the periphery.  Syntheses of first, second and third generation 
dendrimers, possessing varying numbers of catalytic sites at their peripheries were accomplished.  
Synthesis of partially and fully functionalized first to third generation dendrimers were 
performed by utilizing pre-formed dendrimers. The number of hydroxyl groups at the peripheries 
of dendrimers defined the number of 
phosphines and catalytic moieties.  
Multivalent dendritic catalysts (for example, 
Figure 3) within each generation were 
prepared through O-alkylation, using 
appropriate phosphine oxide monomer 
building blocks, followed by reduction to 
phosphine and metal complexations with 
Rh(I). Upon synthesis of as many as twelve 
multivalent dendritic Rh(I) catalysts within 
three generations of poly(alkyl aryl ether) 
dendrimers, effects of multivalency in 
organometallic catalysis were assessed. 
Hydrogenation and hydrosilylation reactions 
of styrene mediated by multivalent dendritic 
catalysts were chosen and the progress of the 
reaction was monitored by gas chromatography.  In assessing the catalytic activities, the 
reactions were conducted on the basis of per catalytic site, so as to treat multivalent catalysts 
with respect to the number of available catalytic sites. Catalytic efficiencies, in hydrogenation 
and hydrosilylation reactions were measured as turn-over-number (TON) and are presented in 
Figure 4 for each catalyst, during initial 30 min. reaction duration. An analysis of the profile 
showed that (i) of the twelve dendritic catalysts, three in each zero, first, second and third 
generations, and also native (Ph3P)3Rh(COD)Cl catalyst, a higher catalytic activity was observed 
for high generation catalysts than lower generation catalysts, even when the amount of metal 
remained constant in the reaction with each catalysts; (ii) within a given generation, multivalent 
catalysts mediated the reaction more effectively than 
thi
monovalent catalysts; 
Figure 2. Structures of Rh(I) functionalized 
rd generation multivalent dendrimers.            
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Figure 3. Molecular structures of 2 third generation multivalent dendritic catalysts. 
 
(iii) across generations, monovalent catalysts led to considerable increases in catalytic activities 
in the increasing order; (iv) among fully functionalized multivalent catalysts, the increase in 
catalytic activities was more significant with increasing generations and (v) (Ph3P)3Rh(COD)Cl 
was the least active catalyst. 
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Figure 4. Turn-over-numbers of (a) hydrogenation and (b) hydrosilylation reaction of styrene 
during 30 min.  reaction duration. 
 
The studies thereby established multivalent effects in organometallic catalysis mediated by 
multivalent dendritic catalysts. Synthesis and characterization of multivalent rhodium metal 
functionalized poly(alkyl aryl ether) dendrimers, and studies of their catalytic efficiencies are 
presented in Chapter 2. 
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In an effort to understand endo-receptor properties of dendrimers, the interior dynamic 
voids were undertaken in order to conduct chemical reactions.  Dynamic inner cavities become 
profound as a result of hydrophilic exterior and relatively hydrophobic interiors of a dendrimer. 
Linkers that connect the branch points define the interfacial regions in a dendrimer.  In order to 
establish properties of interfacial regions of dendrimers, synthesis of a series of hydroxyl group 
terminated poly(alkyl aryl ether) dendrimers, with varying length of alkyl chain linkers was 
conducted.  Syntheses of phloroglucinol based poly(alkyl aryl ether) dendrimers with n-pentyl, 
n-butyl, n-propyl and ethyl linkers, connecting the branching points were accomplished. Building 
blocks with varying spacer lengths were synthesized by mono-O-alkylation of di-O-benzyl 
phloroglucinol with excess of dibromoalkanes. An iterative synthetic sequence of phenolic O-
alkylations and O-debenzylation reactions allowed synthesis of poly(alkyl aryl ether) 
dendrimers, with varying lengths of spacers (Figure 5). 
 
Figure 5. General synthetic scheme for the synthesis of dendrimers constituted with varying 
alkyl chain lengths. 
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A series of phloroglucinol based dendrimers of up to 3 generations with up to 24 phenolic 
hydroxyl groups at their peripheries were synthesized. An assessment of microenvironments 
arising from interior voids were undertaken to evaluate the effect spacer length.  The amount of 
pyrene solubilized in aq. alkaline solution was 0.4 µM, whereas that in third generation C2, C3, 
C4 and C5 spacered dendrimers were 5.7, 8.4, 18.0 and 33.2 µM, respectively, as judged by UV-
Vis spectroscopy.  Microenvironment of various spacered dendrimers were studied further by 
monitoring the I3/I1 ratio of pyrene fluorescence in an aqueous solution. 
                  (a)                                                                         (b)     0.9
 
 
 
 
 
 
 
 
 
 
Figure 6. (a) Solubilization and (b) fluorescence I3/I1 ratio of pyrene in dendrimer containing aq. 
solutions. 
 
The experiments showed that pyrene guest molecules experienced an increasingly non-polar 
environment as the spacer length increased (Figure 6).  Comparing the results of pyrene 
solubilization and fluorescence study, the C5G2 dendrimer showed higher hydrophobic 
microenvironment than C2G3 and C3G3 dendrimers, thereby indicating that the role of the alkyl 
chain constituting the interfacial region is as important as a higher generation of the dendrimer.  
Chapter 3 establishes the interfacial regions defining the internal cavities of a dendrimer, 
through synthesis and studies of dendrimer series with varying linker lengths. 
Upon establishing the interfacial regions governing the internal cavities of a dendrimer, 
further efforts were undertaken to conduct chemical reaction at the interior of dendrimers.  The 
hydroxyl terminated poly(alkyl aryl ether) dendrimers with varying spacer lengths were utilized 
further to study the reaction kinetics of cis↔trans isomerization of prototypical stilbene and 
azobenzene, in aqueous medium. From the UV-Vis spectroscopy, the extent of trans-stilbene  
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solubilization in dendrimers was identified first.  The n-pentyl spacered dendrimer solubilized 
nearly two fold more than ethyl spacered dendrimer. Considering higher solubilization abilities, 
the third generation dendrimers were undertaken for photochemical and thermal isomerization 
studies. Upon irritation of trans-
stilbene in aqueous medium, 72% and 
91% of cis-stilbene formed with C4 
and C5 spacered dendrimers, 
respectively, as judged by gas 
chromatography. Whereas, in the case 
of C2 and C3 spacered dendrimers, 
nearly quantitative formation of cis-stilbene was observed. The cyclization product, namely, 
phenanthrene, was also observed in C4 and C5 spacered dendrimers, in 28% and 9%, 
respectively.  
Dendrimers trans-Stilbene
(%) 
cis-Stilbene 
(%) 
Phenanthrene
C5G3 - 72 28 
C4G3 - 91 9 
C3G3 - 99 trace 
C2G3 - 99 trace 
The abilities of dynamic interior cavities were studied further in azobenzene 
isomerization. An UV-Vis absorption spectroscopy assessment showed that the extent of 
azobenzene solubilization (321 nm, ε = 19,950) to be 48, 41, 22 and 15 µM for C5G3, C4G3, 
C3G3 and C2G3 dendrimers, respectively. A thermal reversal of cis→trans isomerization of 
azobenzene residing inside the dendrimers was followed in the absence of light, in order to 
assess the rate constants and activation energies associated with the isomerization process, as 
monitored by changes in absorption at 320 nm, at periodic time intervals. A significant decrease 
in the isomerization rate of azobenzene was observed in presence of C2G3 and C3G3 dendrimers. 
The rate constants of cis→trans isomerization were found to be generally lower for C2G3 and 
C3G3 solutions, when compared to C5G3 and C4G3 dendrimer solutions, at 318 K, and to some 
extent, at 323 K.  Such differences were not noticeable at higher temperatures. The activation 
energy was found to increase progressively when periodic changes in the microenvironment 
occurred with reducing alkyl chain linker, namely, C5, C4, C3 and C2 linked dendrimers.  The 
thermal cis→trans isomerization of azobenzene proceeds either by inversion or rotation 
mechanism. In order to explore the mode of isomerization occurring at the interior cavities of the 
CnG3 dendrimers, thermodynamic parameters, namely, activation enthalpy (ΔH≠) and activation 
entropy (ΔS≠) were calculated and are given in Table 1. 
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Table 1. Rate constant (k), activation energies (Ea) and thermodynamic parameters of thermal 
cis→trans isomerization of azobenzene in aq. CnG3 dendrimer solutions. 
                        Rate constant ka                                             Eab        Log A       ΔH≠          ΔS≠         ΔG≠
 x 10-5       x 10-4      x 10-4        x 10-4 
 318 K     323 K      328 K       333 K 
 
C5G3 6.23 1.08 1.70 2.35 18.78 8.69 18.16 -20.81 24.79 
C4G3 5.72 1.02 1.65 2.58 21.26 10.35 20.49 -13.67 24.85 
C3G3 4.57 0.93 1.56 2.61 24.26 12.32 23.63 -6.23 25.61 
C2G3 4.30 0.84 1.59 2.40 24.61 12.53 23.97 -3.31 25.02 
ak is expressed in S-1 and bEa, ΔH≠, ΔG≠ are in kcal mol-1 and ΔS≠ in cal mol-1K-1. 
 
The more negative ΔS≠ along with relatively lesser ΔH≠ indicated an isomerization occurring 
through an inversion mechanism.  On the other hand, larger activation enthalpy and positive 
activation entropy indicated the isomerization process occurring through a rotational mechanism. 
Comparing the results, relatively lesser dynamic cavity sizes with C3G3 and C2G3 dendrimers 
appeared to facilitate a globular shape of transition state pertaining to a rotational mechanism of 
isomerization.  Whereas C5G3 and C4G3 dendrimers present larger cavity sizes, so as to allow a 
planar geometry of the transition state associated with an isomerization through an inversion 
mechanism. Photochemical and thermal isomerization studies conducted at the interior voids of 
dendrimers are presented in Chapter 4. 
The thesis established the exo- and endo-receptor properties of poly(alkyl aryl ether) 
dendrimers. Exo-receptor properties of the dendrimers were studied through synthesis and 
studies of multivalent dendritic Rh(I) catalysts within and across the generations.  The role of 
multivalent effects were realized in organometallic catalysis, using dendrimer scaffolds.  The 
endo-receptor properties were established by studying the interfacial regions governing internal 
cavity properties of poly(alkyl aryl ether) dendrimers. The interfacial properties were established 
through systematic variations of linker lengths that connect the branch points of dendrimers. 
Further, the poly(alkyl aryl ether) dendrimers with varying spacer lengths were established as 
container molecules for thermal and photochemical isomerization of guest molecules. 
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After Thesis evaluation: 
One of the examiners wanted a statement about the research problem to be 
investigated pointing out the objectives of the thesis including the role of structure on 
the microenvironment can be given at the end of the Chapter 1. Accordingly, 
following sentences are incorporated in the Thesis: 
 
Results so far show that dendrimers are suitable supports for transition metal 
catalysts. Generally, positioning of the catalytic sites, their spatial orientation are 
important for the performance of the catalyst. Studies reported so far show the effect 
of catalytic sites when presented either at the peripheries or at the core or at the 
branch points.  Dendrimers are excellent platforms for studying multivalent effects, 
namely, effects arising due to the clustering of functionalities at the peripheries. A 
multivalent effect in organometallic catalysis involving dendrimers is rarely known. 
Along the line of this query, synthesis and studies of partially and fully metal 
functionalized dendritic catalysts based on poly(alkyl aryl ether) dendrimers was 
undertaken. Chapter 2 of the thesis describes results of this study. Encapsulation of 
guest molecules inside dynamic cavities of dendrimers opens-up number of 
opportunities. Unlike host molecules, such as, cyclodextrins, calixarene, the dynamic 
cavities of dendrimers are flexible. The cavity size of a dendrimer can be modified 
with varying lengths of branching units. The following chapters provide details of 
synthesis and studies of poly(alkyl aryl ether) dendrimers with varying chain lengths. 
